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Research Summary speculated to exist in stable matter are beyond the
limits of Earthbound detection.

This research has assessed the microgravity related o

potential of fractional charge (free quarks) The_resear(_:h plan has undertaker_1 feaS|b|I|_ty

detection in stable matter. The quark is an studies leading to several KC-135 flights (April

elementary nuclear particle which is fractionally 1997) and preliminary hardware specification for

charged. The study has evaluated the feasibilitya Sh_u'_[t_le or satellite ex_perlment (July 1997, first
. . ) . feasibility test for satellite package).
of looking for the first evidence of quarks existing

in stable matter. Specifically the following benefits can be expected

from experimentation on free quarks in reduced

Because previous evidence for quarks has beergravity:

found only in high-energy particle colliders, the

research outcome, as evaluated here in low-energy  split away complicated electrical field effects
(stable) matter, holds considerable promise for  and asymmetries from strictly gravitational
advancing the frontiers of elementary particle effects on particle or sphere trajectories.
physics. Because its implementation relies on

levitating an electrically grounded steel sphere, « Actively manipulate particle trajectories by
the experiment can be conducted meaningfully  radium source capture and ion bombardment,
only in microgravity. If the sphere is grounded but as has been tried previously by several authors,

held in a constant electrical field, only the  butremained inconclusive because of gravity
appearance of a fractional charge (free quark) can ~ complications (Stokes sedimentation and
perturb its trajectory. Electrical grounding convection). Under reduced gravity, such side

neutralizes the background of unit charges which  effects will be minimized.
build up, and therefore the sphere’s movement
between two oppositely charged plates reveals
only the discrepancies (fractional quark charges)
between the expected and observed values of th
fundamental charge unit. With a grounded sphere
the only method for free suspension is a
microgravity environment for quark detection.

The research has developed and studied
technological requirements for microgravity
eoletection of quarks.
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The instrument design for the Quark Search
Project will be evaluated for scale-up to a Shuttle
glovebox or middeck locker experiment, a free-
flying satellite, or tethered platform. The research
thrust is to use a modified apparatus which
suspends drops or metallic spheres between two
charged electrical plates in microgravity (fig. 31).
This so-called Millikan apparatus is a modification
of the classical physics laboratory experiment, for
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which Millikan won the Nobel Prize.

Ficure 31.—A conceptual drawing of fractional
charge measurement apparatus for microgravity
free quarks.
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Rear translucent panel is removed
temporarily for loading balls. The
cartridge is slid in by a robotic arm,
opened, and then removed.

The process is repeated in reverse to
collect those balls not found to move.
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Ficure 32.—Cartridge-based delivery/removal apparatus, scale 1:3.
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